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Abstract
Research highlights transparency as a critical requirement for the design of information systems—
especially in complex systems where decision-making benefits from a collaboration between humans and
machines. However, little research has been conducted on how information systems should be designed
to provide actionable information—a property also referred to as useful transparency. We explore this
relevant question in the manufacturing context by examining the continuous improvement process of an
automated production line. Following the design science research paradigm, we iteratively develop an
artifact based on design requirements derived with employees. Using the developed artifact, we study two
phenomena: First, we show through a focus group conducted with domain experts that making process
information accessible to employees is a viable means to facilitate useful transparency. Second, we
determine that useful transparency improves process performance—by observing a statistically significant
reduction in the duration of downtime incidents. We conclude by discussing two refined design principles
for facilitating useful transparency.
Keywords: Design Science Research, Process Performance, Total Productive Maintenance, Transparency
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1 Introduction
Digitalization is driving innovation across industries and has become a strategic interest for companies.
The manufacturing industry is especially amenable to this transformation (Kagermann 2015). Today,
companies not only have to rethink their business models but also adapt their work routines (Legner et al.
2017). Enabling the automation of work processes (Stefani and Zschech 2018), the Industrial Internet of
Things (IIOT) and the wide-spread adoption of cyber-physical systems (CPS) are central drivers of this
transformation (Wollschlaeger et al. 2017). While automation is making processes faster, more efficient
and more affordable, it is simultaneously making them more complicated and harder for employees
to understand (Gorecky et al. 2014; Kagermann 2015). This dilemma aligns with the “Transparency
Paradox” described by Richards and King (2013): More data does not automatically make processes
more transparent. On the contrary, the invisible collection of data and the opaqueness of tools often
reduces their transparency. Research shows that in a digitized world employees are confronted “with
significantly higher demands in terms of complexity, abstraction and problem solving” (Kagermann 2015,
p.36). Consequently, many companies struggle to adjust their routines.
The emerging technologies also provide means to address this challenge. The digitization of analog work
processes increases the availability of data (Stefani and Zschech 2018), which companies can use to
support the decision-making of their employees and to reclaim the transparency lost to automation (Fosso
Wamba et al. 2015; Manyika et al. 2011). However, Lee et al. (2013) note that “just connecting sensors
to a machine or connecting a machine to another machine will not give [employees] the insights needed
to make better decisions” (Lee et al. 2013, p.38). In practice, companies do not utilize the majority of
their collected data. Forrester Research Inc. (2015) estimates that, on average, companies are not using
between 60 and 73 percent of their data for analytics. Companies generally acknowledge the value of
collecting data, but struggle to obtain value from it (Lavalle et al. 2011). “[Exploring] information [...]
becomes increasingly difficult as the volume grows” (Shneiderman 1996, p.336). This further complicated
this endeavor in the context of the IIOT, which is characterized by an abundance of data. Companies need
to provide context and meaning to their data to make it understandable; otherwise reliance on data might
be useless or even counterproductive (Lee et al. 2013).
Accordingly, information systems are needed to help employees extract meaningful information from
the available data. Research shows that this data can support decision-making by increasing transparency
(Fosso Wamba et al. 2015; Manyika et al. 2011; Stefani and Zschech 2018). The fusion of the physical and
virtual world, provided by the IIOT and CPS, is facilitating new ways to do so. As a result, information
systems that combine information from both worlds are becoming integral support systems for employees
(Hermann et al. 2016). These systems aggregate and abstract the available data to provide actionable
information to employees and support their decision-making (Gorecky et al. 2014; Hermann et al. 2016).
1.1 Research Gap and Research Question
Research has coined this provisioning of actionable information as useful transparency and emphasized its
importance for the design of information systems (Hosseini et al. 2016; Leite and Cappelli 2010). Hosseini
et. al define useful transparency as the ability of stakeholders “to make decisions based on the provided
information and act upon them” (Hosseini et al. 2018, p.258). In the manufacturing industry transparency
is recognized as a critical requirement (Schleipen et al. 2016; Theuer 2018). Weissenberger et al. (2015)
highlight that manufacturing companies require “transparency of every process step [...] to achieve a high
level of quality and efficiency” (Weissenberger et al. 2015, p.1). Existing research primarily explores
the utility of transparency without studying its theoretical justification. Related work only implies that
transparency is the desired outcome of using information systems. Furthermore, it does not outline how
useful transparency can be achieved and fails to provide adequate design guidelines. Little knowledge is
available on how companies should design information systems to facilitate useful transparency. Scholars
have already reported this lack of specificity regarding the design of transparency (Hosseini et al. 2018).
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We address this research gap by developing design principles for the facilitation of useful transparency.
Hereby, we specifically focus on useful transparency as a means to support decision-making in complex
environments. Utilizing useful transparency (Hosseini et al. 2018) as our kernel theory, we aim to derive
novel design principles. We address the following research question:
• RQ: How to design information systems to provide useful transparency in order to improve process
performance?
Following the design science research paradigm, we develop an artifact with an industry partner to explore
this research question. We evaluate the artifact’s utility and performance regarding two testable proposi-
tions, which were derived from literature and adjusted based on in-depth discussions with practitioners:
• P1: Accessible process information in an information system leads to useful transparency.
• P2: Useful transparency in an information system leads to increased process performance.
1.2 Contribution
Our contribution is threefold: First, we address an important real-world issue in manufacturing, namely
the need for transparency in total productive maintenance. We design an artifact that makes process
information accessible to employees to support process control and improvement. Second, by following
the Framework for Evaluation in Design Science (Venable et al. 2016), we conduct a comprehensive
evaluation of the artifact through a single case study with high external validity. We conducted a qualitative
evaluation through a focus group as well as quantitative evaluation through the analysis of process
information. We, hence, demonstrate that making process information accessible to employees facilitates
useful transparency and that useful transparency increases process performance. Third, we refined and
discussed two principles for the facilitation of useful transparency in information systems.
2 Kernel Theory: Useful Transparency
In this section, we present useful transparency as our kernel theory that guided our design process (Hosseini
et al. 2018). In the context of governance and information systems, the term transparency generally refers
to the “open flow of information” (Holzner and Holzner 2006, p.6). The topic has increasingly been the
focus of academic research in recent years (Hosseini et al. 2018; Leite and Cappelli 2010). Research
shows that transparency is an important requirement for the design of information systems. This work
focuses on information systems utilized in the context of industrial manufacturing—where transparency is
of particular importance (Weissenberger et al. 2015). Kletti (2006) highlights that manufacturers need
to “become more transparent in order to achieve more economic efficiency” (Kletti 2006, p.51). Louis
and Alpar (2007) state that transparency of shop floor processes needs to be increased to support human
decision-making. Focusing on the context of Industry 4.0 specifically, Schleipen et al. (2016) show that
Industry 4.0 requires transparency. Theuer (2018) states that, according to 29 surveyed companies, the
consistent transparency between processes and data is a primary requirement for Industry 4.0.
For this research we adopt the concept of useful transparency from Hosseini et al. (2018). Their work
provides a narrow definition of transparency appropriate for the decision-making context. They define
useful transparency as the ability of stakeholders “to make decisions based on the provided information
and act upon them” (Hosseini et al. 2018, p.258). This definition of transparency aligns with our research
objectives as it positions transparency as a means for decision support. Their work considers transparency
as a requirement of information systems to communicate information in a way that helps the intended
audience to make informed decisions. Their work specifically emphasizes the importance of observing the
receiver’s circumstances to deduce transparency requirements (Hosseini et al. 2017). Hosseini et al. (2018)
propose the Transparency Achievement Spectrum to measure the attainment of useful transparency. The
framework outlines and defines seven information properties—ranging in complexity from information
availability to information actionability—that specify useful transparency. Accordingly, we understand
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useful transparency as the attainment of the following properties, namely (1) information availability,
(2) information interpretation, (3) information accessibility, (4) information perception, (5) information
understandability, (6) information acceptance, and (7) information actionability. We utilize the Dimensions
of Information Quality to further specify these properties as suggested by Kahn et al. (2002).
The following research adds to our understanding of useful transparency. Berner et al. (2016) define
process visibility as the property of processes to provide the information required to support process control
and improvement. Their work shows that process visibility is positively related to process performance
in “Operations and Control Centers”. Another work on process visibility, conducted by Ilie-Zudor et al.
(2016), reports that manufacturing companies struggle with (a) a lack of information, (b) the volume of
information surpassing human capabilities and (c) information changing due to changing demands.
3 Research Method
Building on the concept of useful transparency, we outline our overall evaluation strategy in this section
(Venable et al. 2016). Additionally, we describe the methodology of the two conducted evaluation episodes.
3.1 Evaluation Strategy
We explore the following research question: “How to design information systems to provide useful
transparency in order to improve process performance?” (RQ). Hence, we want to derive principles for
the design of information systems. We explore this objective by iteratively developing an artifact with an
industry partner and evaluating it against two testable propositions: “Accessible process information in an
information systems leads to useful transparency.” (P1), and “Useful transparency in an information system
leads to increased process performance.” (P2). To demonstrate the utility and efficiency of this artifact,
we follow the Framework for Evaluation in Design Science (Venable et al. 2016). The circumstances of
our research permit us to evaluate the artifact with real users in a real context. Accordingly, we embrace
the complexities of human practice in real organizations and emphasize the naturalistic evaluation of the
artifact. Figure 1 gives an overview of the conducted evaluation episodes. To improve the outcome of our
design process, we, initially, refined a prototype with employees and conducted a formative evaluation
(EE0). Afterwards we assessed the final artifact in two summative evaluation episodes (EE1 and EE2)
after introducing it into the company’s work process. This work primarily reports on these summative
evaluation episodes. The two evaluation episodes collectively address the two testable propositions. First,
we assess the facilitation of useful transparency through the artifact based on qualitative data collected
through a focus group. Second, we analyze its effect on process performance through a quantitative
analysis of process information. We follow this mixed approach to provide a comprehensive analysis
by capturing “the best of both quantitative and qualitative approaches” (Creswell 2014, p.22). In the
following, we outline the methodology of each evaluation episode.
3.2 Methodology for the Qualitative Evaluation Episode (EE1)
The goal of the first evaluation episode is to assess whether the use of the artifact leads to useful
transparency (cf. P1). We base our evaluation on the Transparency Achievement Spectrum presented in
Section 2. Focusing on its definition of seven properties required for useful transparency, we conduct a
focus group with domain experts after demonstrating the artifact. Focus groups are traditionally used as
an exploratory method during artifact development. However, Stewart and Shamdasani (2014) argue that
they can also be used as a confirmatory method to test hypotheses. We, thus, employ a confirmatory focus
group to establish the utility of the artifact in field use (Tremblay et al. 2010).
We used typical case sampling to select suitable domain experts for the focus group (Saunders et al.
2016). The sample was compiled with a manager to ensure that employees from different hierarchy
levels were represented. Ultimately, five domain experts were selected (hereafter referenced as Alpha to
Twenty-Seventh European Conference on Information Systems (ECIS2019), Stockholm-Uppsala, Sweden 4
Vössing et al. / Designing Useful Transparency
Formative Summative
Naturalistic
Artificial
Notation: = Design / Construct = Evaluation Episode(s)
EE2
EE1
EE0
Figure 1. Overview of the evaluation strategy and the individual evaluation episodes.
Epsilon). Given that the number of potential participants was limited to employees that used our artifact
in the continuous improvement process, the relatively small sample size was nevertheless considered to
provide an illustrative profile of users (Neuman 2014). The Transparency Achievement Spectrum was
used as an established reference model to determine the achievement of useful transparency. We further
utilized information quality criteria proposed by Kahn et al. (2002) to make the levels of the Transparency
Achievement Spectrum more tangible. More specifically, we designed questions for each information
quality criterion based on its definition. We used these guiding questions to limit the discussion to a small
number of predetermined issues. Finally, we condensed the questions into a structured guideline, which
was tested and refined with domain experts before the evaluation.
3.3 Methodology for the Quantitative Evaluation Episode (EE2)
The second evaluation episode focused on quantifying the impact of useful transparency on process
performance (cf. P2). More specifically, we tested whether the duration of downtime incidents is reduced
significantly after employees conducted measures derived through the artifact. Additionally, we estimated
a lower bound for the impact of the individual measures on process performance. We used an independent-
samples t-test with unequal variances (i.e. Welch’s t-test) to evaluate the second testable proposition (P2).
As we expected sizes and variances to vary between individual groups, Welch’s t-test is an appropriate
choice. Research suggests that the t-test with unequal variances should always be used in preference to the
Student’s t-test or Mann–Whitney U test (Ruxton 2006). Further, we followed Jones’ (1952) suggestion
that a “one-tailed model [should] be adopted wherever its use is appropriate” (Jones 1952, p.46). We,
accordingly, used a one-sided model in which we hypothesized that the duration of downtime incidents
after the conducted measure will be lower than before the measure. We used an alpha level of 0.05 for
all statistical tests. For each type of downtime incident we, thus, evaluated the following null hypothesis
Ho : µBe f ore−µA f ter ≤ 0 and the alternative hypothesis Ha : µBe f ore−µA f ter > 0.
4 Artifact Description
We developed an artifact to evaluate the stated testable propositions. This section describes the development
of this artifact. First, we introduce the case company and outline a challenge which the artifact intends to
address by facilitating useful transparency. Second, we present a set of design requirements defined with
employees and further map those to two associated design principles derived from related work. Third,
we outline the design of the artifact and explain how the design principles are instantiated.
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4.1 Application Context
The case company is a global engineering company active in multiple industries that require advanced
engineering and manufacturing technologies. As outlined in Section 1, the manufacturing context is well
suited for our research (Weissenberger et al. 2015). Accordingly, we worked with one of the company’s
production facilities to study the effect of useful transparency on the performance of their manufacturing
process (Fleischer et al. 2006). The facility is at the forefront of the company’s digital transformation and,
thus, has already integrated technologies that are only gradually introduced to other facilities. Notably, the
observed production line can produce fully autonomously. As a consequence, the equipment generates
a significantly higher volume and variety of data than similar facilities. Additionally, the company uses
the facility to evaluate best-practices for manufacturing in the IIOT. Hence, useful best-practices are
subsequently rolled out to the worldwide network of manufacturing facilities.
The company follows a total productive maintenance (TPM) strategy to manage their production. TPM
focuses on overall equipment effectiveness (OEE) to measure process performance (Bamber et al. 1999)
and emphasizes the improvement of equipment through (a) process control, and (b) process improvement.
Process control refers to the continuous monitoring and management of processes, while process im-
provement refers to the identification of inefficiencies and the determination of countermeasures (Berner
et al. 2016). Information from multiple sources is used to support these tasks. The automated equipment
generates vast data and records it in the automatic log. The equipment autonomously uses this data to
visually indicate problems to employees to guide them during process control. However, employees rely
on other information for process improvement. During process control employees periodically document
encountered problems in the hourly fault log, which they review daily to determine measures for process
improvement. However, the volatility of the production makes it impractical to record every problem. On
average employees at the production line record 4 entries per hour, while simultaneously resolving 28
incidents. This discrepancy is understandable, as diligently documenting 28 incidents (i.e cause and dura-
tion) is not feasible. Especially if complex repairs are conducted, minor incidents are simply disregarded.
However, losing this information can lead to missed opportunities for processes improvement.
The problem can be summarized as follows: Emerging technologies provide new means to manage manu-
facturing processes. However, organizational process—more specifically the routines and behaviors of
employees—have not yet adjusted to the new technological circumstances. As employees are accustomed
to managing less digitized processes, they continue to rely on tacit knowledge and manually recorded
information. Accordingly, established work processes do not utilize all available information—in particu-
lar, process information generated by machinery which is traditionally not available. Additionally, the
data is often complicated to access and navigate due to its high volume, variety, and veracity. Employees,
therefore, primarily base their decision-making on subjective instead of objective information.
4.2 Design Requirements and Design Principles
Based on the presented theory in Section 2 and the prescriptive knowledge derived from workshops with
the case company—which originated from the preliminary evaluation episode (EE0)—we derived the
following design requirements to address the outlined problem:
• DR1: The system should increase process performance.
• DR2: The system should decrease the cognitive load of employees due to high volume of data.
• DR3: The system should increase the availability of objective information.
• DR4: The system should decrease the reliance on subjective information.
Based on these design requirements, we formulated the following design principles, meant to support
employees in the continuous improvement process, that informed the design of our artifact. Figure 2
provides an overview of the relation between the design requirements and the derived design principles.
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The design principles address the requirement expressed by employees (see Section 4.1)—in particular
utilizing objective machinery information in their decision-making decision-making.
• DP1: Provide the system with the ability to provide actionable information based on available process
information in order to help employees manage the continuous improvement process.
• DP2: Provide the system with the ability to compare subjective and objective information in order to
help employees manage the continuous improvement process.
DR1: Increase Process 
Performance
DR2: Decrease Cognitive Load 
of Employees
DR3: Increase the Availability of 
Objective Information
DR4: Decrease the Reliance on 
Subjective Information
DP1: Ability to Provide 
Actionable Information
DP2: Ability to Compare 
Subjective and Objective 
Information
Design Requirements Design Principles
Figure 2. Mapping of design requirements and design principles.
4.3 Artifact Design
We designed an artifact that facilitates useful transparency at an automated production line by providing
employees with subjective and objective process information as well as actionable information. We
consider useful transparency as the means to improve process performance. Initially, a prototype was
designed and demonstrated (EE0). The prototype utilized process information, but required a manual
extraction of the data and was, thus, limited in its utility. However, we used the prototype to determine
design requirements (cf. Section 4.2). Based on the initial feedback, we also developed the artifact
presented in this section. This refinement process is consistent with “design as a search process” (Hevner
et al. 2004, p.88). The artifact integrates two data sources: (a) automatic logs, and (b) hourly fault logs.
We implemented a method to automatically extract, transform, and load the data from several systems.
We implemented the artifact using Microsoft Power BI to integrate it into the current infrastructure and
benefit from the familiarity of employees with existing tools. Figures 3, 4 and 5 depict the developed
components schematically to ensure the confidentiality of the company.
Figure 3 visualizes the first instantiation of the design principles. The Downtime Overview component
shows the production line and each equipment according to the physical layout. Based on this visualization,
the component uses automatic log data to overlay each equipment with a color gradient indicating its
impact on process performance. Additionally, the machine with the highest impact is highlighted to
provide an actionable starting point for process improvement (DP1). The prototype consisted only of this
element; however, during the initial evaluation episode (EE0) employees expressed the need to Filter the
information to examine particular shifts or time periods. Employees also described that they required
a means to investigate the underlying causes of affecting process performance. Accordingly, the Fault
Details component visualizes data on failure codes—which each machine records automatically—to help
employees analyze which faults contribute to the downtime of a specific machine.
Figure 4 visualizes the Downtime Log Overview and Downtime Log Details components that provide
employees the ability to compare objective and subjective information (DP2). This functionality allows
employees to compare their entries in the hourly fault log—recorded manual during process control—
with the information automatically recorded by the machines in the automatic log. The Downtime Log
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Figure 3. Schematic visualization of the first set of components and instantiated design principles.
Overview aggregates these data sources across machines to highlight those where the two information
sources—which should theoretically describe the same ground truth—differ significantly (DP2). The
artifact marks those machines for review (DP1) where the aggregated duration of entries in the automatic
log exceed the aggregated duration of entries in the hourly fault log (e.g., employees did not record
incidents) or vice versa (e.g., employees recorded incidents not reflected in the machinery logs).
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Downtime-Logs Overview Downtime-Logs Details
Automatic Log (Machines)
Hourly Fault Log (Employees)
30%
20%
0%
M1 M2 M3 M4
DP2 DP2
Review Review
DP1
Figure 4. Schematic visualization of the second set of components and instantiated design principles.
Figure 5 presents additional components to identify the causes of incidents. Two levers for process
improvement, that are difficult to identify manually, are addressed: The Short-Term Disruptions component
helps employees identify machines affected by short but frequent incidents. During the initial evaluation
episode (EE0) employees highlighted that these incidents are not recorded diligently even though they,
in aggregate, have a significant impact on process performance and consume a disproportionate share
of their time. Furthermore, the Product-Related Disruptions supports the investigation of connections
between incidents and the production of specific products. Even though employees are aware of these
issues they are (a) rarely documented during process control due to their individually short duration and
(b) rarely considered during process improvement in favor of more elongated downtime incidents.
We can recap that the final artifact supports two primary use cases: First, information is presented on an
aggregated level to explore which machines have the most significant impact on process performance (cf.
Figure 3). Second, the artifact provides the ability to investigate the underlying issues on a more detailed
level. Specifically, it allows employees to compare objective and subjective information (cf. Figure 4),
identify which error types influence the performance of individual machines (cf. Figure 3), and examine
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Figure 5. Schematic visualization of the third set of components and instantiated design principles.
the impact of short-term disruptions as well as product-specific problems (cf. Figure 5).
5 Evaluation
We demonstrated the final artifact in the organizational context for approximately two months. Afterward,
we conducted two evaluation episodes (cf. Section 3). This section presents the results of these evaluations.
The first episode (EE1) addressed the first testable proposition through a focus group. The second episode
(EE2) assessed the second testable proposition through multiple statistical tests.
5.1 Results of the Qualitative Evaluation Episode (EE1)
The first evaluation episode tested the proposition that “accessible process information in an information
system leads to useful transparency” (P1). We evaluated the degree to which the artifact facilitates useful
transparency according to the methodology outlined in Section 3.2. The following results are primarily
based on the data collected through a focus group with five domain experts. However, before the focus
group, we independently assessed the availability and interpretability of the utilized information with
technical experts. Hosseini et al. (2018) suggest this approach because only the information provider
can assess information availability and interpretability. We first present the results of the preliminary
assessment of information availability and interpretability. Subsequently, we present the results regarding
information accessibility, perception, understandability, acceptance, and actionability.
Information availability requires that relevant information with appropriate quality is used. To assess this
requirement, we reflected the following information quality criteria according to Kahn et al. (2002): (a)
free-of-error, (b) completeness, (c) concise representation, (d) consistent representation, (e) timeliness,
and (f) security. We identified that some automatically recorded incidents were incomplete. However,
historically, these occurrences accounted for less than 0.5% of the information. We, hence, determined that
the process information can reasonably be considered free-of-error. Even though additional information
(i.e. quality measurements) is available, the selected data provides a comprehensive view of downtime
incidents. We also verified the information interpretability with the technical experts. Hereinafter, the
results are based on the focus group conducted with domain experts.
Regarding information accessibility—the extent to which information is available—the domain experts
indicated that the accessibility of information on short-term breakdowns was essential to “complete [their]
understanding of the production line with normally unavailable information” (Beta). Delta considered the
presented information a “good starting point for utilizing the machine point of view” (Delta). However,
Delta prognosticated that employees would ask for access to more information after integrating the
artifact into their work. Information perception is measured through two information quality criteria (i.e.,
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objectivity and reputation). The experts regarded the automatic log as an objective and unbiased source
of information. We, therefore, focused on the reputation of the presented information which is defined
as “the extent to which information is highly regarded in terms of its source or content” (Kahn et al.
2002, p.187). Alpha highlights that “coming from a world of subjective information the tool is a big
step forward” (Alpha). Archiving information understandability instead of simply increasing the flow
of information is vital for facilitating useful transparency. We examined whether the artifact provides
an appropriate amount of understandable information. The experts rejected that the artifact included too
much information or caused information overload. Beta, however, stated that understandability could
be improved by allowing employees to “compare the current situation with the same situation a week
before” (Beta). Information acceptance—the extent to which information is considered to be believable—
is essential for useful transparency. Delta, Gamma, and Epsilon strongly expressed their trust in the
information. Delta emphasized the value of objective information: “I can now get information from
machines [to understand] what is going on” (Delta). The group acknowledged that the artifact could not
only be used to verify their knowledge but also extend it by exploring deviations from their expectations:
“Congruency is of secondary importance [because] the discrepancies are especially interesting” (Beta).
Gamma highlighted that the artifact improved his understanding of the production line.
Information actionability is evaluated according to three information quality criteria (i.e., relevancy, ease of
manipulation, and value-added). The domain experts considered the provided information highly relevant.
Delta believed that “the production becomes transparent by using the tool” (Delta). Gamma emphasized
that the “transparency of actions [...] is increased” (Gamma). Building on this comment Alpha expressed
an “increased confidence in [his] decision-making” (Alpha). Gamma and Delta, who are responsible
for maintaining machines, primarily used the artifact to prioritize machines. Epsilon, accountable for
the productivity of the production line, emphasized that the visualization of short-term incidents helped
him improve process performance but also increased his manager’s understanding of his workload.
Delta concluded that the tool provides different benefits for different employees. “Useful transparency is
achieved if the provided information enables information retrievers to act upon it” (Hosseini et al. 2018,
p.260). While the experts described various ways to use the artifact, they agreed that it enhances their
ability to act upon process information. Hence, we can confirm the artifact facilitates useful transparency.
5.2 Results of the Quantitative Evaluation Episode (EE2)
The second evaluation episode (EE2) tested the proposition that “useful transparency in an information
system leads to increased process performance” (P2). Through the facilitated useful transparency, the
artifact had multiple tangible effects on process performance. In particular, it helped employees identify
machines affected by frequent short-term downtime incidents during process control (cf. Figure 5). We
hypothesized that immediately notifying employees of these incidents should increase the availability of
the production line. Hence, the artifact should result in a measurable reduction of the average duration of
these incidents. The artifact helped employees to identify multiple incident types. Ultimately, a domain
expert selected six incident types—affecting six different pieces of equipment—based on the practicability
of improving their visualization during the experiment. We recorded every incident of these six types
for approximately six weeks. Considering production shifts we ultimately accumulated approximately
18 days of data before and after the conducted measures for each incident type. Before conducting the
measures, the average frequency of downtime incidents ranged from 1.9 to 44 occurrences per day, and
the average duration of downtime incidents ranged from 47.91 to 250.96 seconds.
We conducted multiple (i.e. one for each incident type) independent-samples t-tests to compare the
duration of downtime incidents before and after the conducted measures. The collected data showed a
significant reduction in the downtime duration for 5 of the 6 incident types (cf. Table 1). Type E showed
the most significant reduction in the duration of incidents, where before (M = 54.04, SD = 70.52) and after
(M = 38.79, SD = 28.67); t(402) = 3.6854, p = 0.0001. After implementing the measure incidents of type E
lasted, on average, 15.25 seconds less than before. For type C, the data showed a non-significant trend in
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Incident Type A B C D E F
Days of Production
• Pre-Change 17.67 18.00 17.67 17.67 17.67 17.67
• Post-Change 18.33 18.00 18.33 18.33 18.33 18.33
Incident Occurrences
• Pre-Change 76 85 33 91 325 149
• Post-Change 25 70 22 324 450 256
Incident Duration [s]
• Pre-Change Mean 250.96 129.13 103.82 53.21 54.04 47.91
• Post-Change Mean 113.08 58.1 77.23 38.03 38.79 37.76
Significance of Change
• degrees-of-freedom 76 110 53 134 402 222
• t 3.4582 3.2429 0.6299 2.4671 3.6854 3.1484
• p 0.0004 0.0008 0.2657 0.0074 0.0001 0.0009
Process Performance
• OEE Improvement 0.45% 0.36% 0.05% 0.2% 0.39% 0.13%
Table 1. Detailed results of the quantitative evaluation episode (EE2).
the predicted direction, thus, only suggesting an improvement from before (M = 103.82, SD = 186.00) to
after the measure (M = 77.23, SD = 127.03), t(53) = 0.6299, p = 0.2657. These results indicate that useful
transparency does have a positive effect on process performance. Certainly, our results suggest that useful
transparency supports the continuous improvement process.
To complement these results, we examined the effect of these improvements on the overall equipment
effectiveness (OEE) as the established measure of process performance in the manufacturing industry.
OEE is determined based on the availability, performance, and quality of a production line (Huang et al.
2003). We assumed that the performance and quality of the production line were constant. Accordingly,
we calculated the improvement of OEE based on the increased availability due to the observed reduction of
the duration of downtime incidents. The availability of the production line, however, also depends on the
frequency of downtime incidents. We calculated the average frequency of each type of downtime incidents
based on all available data points. Hereafter, we calculated the improvement of OEE by comparing the
total duration of downtime incidents before and after the measure. The improvement of OEE ranged from
0.05% to 0.45% (cf. Table 1). While these improvements are already economically relevant in the context
of an automated production line, they only represent a lower bound of the actual improvement as we
considered each incident type in isolation (i.e., no connection between errors or machines).
6 Lessons for Designing Useful Transparency
The two evaluation episodes validate the proposed design and provide significant evidence for its facil-
itation of useful transparency and its improvement of process performance. During the development,
demonstration, and evaluation of the artifact, we made several observations. In this section, we discuss
these findings on an abstract level and connect them to the initial design principles (cf. Section 4.2):
• DP1: Provide the system with the ability to provide actionable information based on available process
information in order to help employees manage the continuous improvement process.
Scope of Transparency: During the evaluation, we realized that the individual responsibilities of the
domain experts determined what constitutes useful transparency for each of them. In particular, their roles
and responsibilities defined by the company’s organizational hierarchy were the primary drivers of this
phenomenon. In essence, employees required different information for their work or were hesitant of
specific information becoming common knowledge. Making information of high volume actionable is a
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complex challenge. The prototype only provided aggregated information (cf. Figure 3) to help employees
understand the general condition of the production line. However, employees required more specific
information to support their decision-making. Specifically, they wanted to explore the causes of downtime
incidents to devise mitigation strategies. We concluded that facilitating useful transparency in complex
environments requires two tasks: On the one hand, the complexity and volume of the accessible information
need to be abstracted (Kramer 2007). However, on the other hand, the hidden complexity and volume have
to be accessible to allow employees to investigate details. This insight aligns with design principles for the
visualization of information. According to the Visual Information-Seeking Mantra interfaces should be
designed to give an ”overview first, zoom and filter, then details on demand” to be useful (Craft and Cairns
2005; Shneiderman 1996). Given that information systems rely on visualizing information to facilitate
useful transparency, these principles are crucial for providing actionable information.
Purpose of Transparency: Designing useful transparency requires understanding the reason why trans-
parency is needed. While the evaluation of the final artifact revealed that domain experts utilized the
artifact in a variety of ways (cf. Section 6), their usage patterns can be summarized: On the one hand,
they utilized the transparency of process information to confirm or reinforce their established knowl-
edge. On the other hand, they used transparency to understand the limitations of their knowledge. In
the former, transparency provided value by externalizing subjective information already possessed by
individual employees (cf. “reciprocal expansion” (Gill 2015)). This use of the artifact as an objective
and shared knowledge base facilitated collaborative decision-making among employees. This behavior
was highlighted during the demonstration of the second component (cf. Figure 4) which enabled lower
hierarchy employees to support their tacit knowledge with objective information. Similarly, improvements
primarily originated from contrasting subjective and objective information sources. Specifically, it helped
to identify inefficiencies in process control (i.e., by visualizing machines prone to short-term breakdowns)
or to identify previously unknown opportunities for process improvement. However, highlighting these
discrepancies to employees also had an impact on the adoption of the artifact due to arising resistance to
transparency. We outline this phenomenon in more detail below.
• DP2: Provide the system with the ability to compare subjective and objective information in order to
help employees manage the continuous improvement process.
Resistance to Transparency: Increasing transparency and augmenting domain knowledge with objective
information is one of the fundamental promises of the IIOT. However, our research shows that introducing
these systems into established work processes can be difficult and limit the acceptance of new technologies
(Davis et al. 2008). In particular, the domain experts were highly concerned that making subjective and
objective information comparable could be used to monitor and evaluate their work (cf. Figure 4). Research
shows that privacy concerns of employees play a significant role in the adoption of information systems.
Cleven et al. (2011) describe a direct link between transparency and adoption problems. In our study,
employees opposed the “complete transparency of the individual [...] performance” (Cleven et al. 2011,
p.286). The effects of electronic monitoring have already been studied extensively (Oz et al. 1999).
Sarpong and Rees (2014) highlight that worker displeasure can be avoided by limiting micromanagement
and openly communicating IT policies. While transparency generally is not intended to monitor employees,
companies need to manage their employees’ perception of the capabilities and purpose of information
systems. Ideally, systems should be developed in close collaboration. Ultimately, companies need to
understand how transparency creates value for their employees and be aware of when transparency should
not (i.e., employee monitoring) or cannot (i.e., data privacy laws) be introduced.
7 Conclusion
We examined how information systems should be designed to facilitate useful transparency. Working with
an industry partner, we developed an artifact that utilizes process information to support total productive
maintenance. We used multiple evaluation episodes to test the utility of the proposed artifact. With these,
Twenty-Seventh European Conference on Information Systems (ECIS2019), Stockholm-Uppsala, Sweden 12
Vössing et al. / Designing Useful Transparency
we showed that making process information accessible to employees facilitates useful transparency which,
in turn, improves process performance. Our results indicate that designing work processes to facilitate
useful transparency is an improvement over relying on tacit knowledge; primarily because transparency
helps employees enhance their domain knowledge with objective information. As process information is
increasingly available, this highlights the value of collaboration between employees (i.e., domain knowl-
edge) and machines (i.e., objective information). We discussed two design principles for the facilitation of
useful transparency—specifically to support decision-making in complex environments. Our results reaf-
firm that in the digital age “design activities should be organized around the customer requirements rather
than technological factors” (Legner et al. 2017, p.307): Emerging technologies have given companies
far-reaching means to increase transparency. However, as our study shows, increasing transparency comes
with challenges (cf. Section 6). Accordingly, companies should pursue useful transparency and design
their information systems in close collaboration with their employees.
7.1 Limitations
The process information utilized by the artifact depends on the automation of the production line and will
evolve as more and more information become available (e.g., RFID). Also, the employees’ experience
with and trust in the system will improve as the system is used more, which will further increase process
performance. While a single case study was appropriate for this exploratory research endeavor, several
limitations apply. The case study provided a high level of external validity, but the complexity of real-
world manufacturing processes complicated the assessment of the studies internal validity. Measures were
conducted to address this limitation, however, following design cycles should focus more on the internal
validity of the results. As of now, the results are limited in their generalizability. However, currently, few
manufacturing environments have achieved the level of automation presented in this study. Hence, as the
underlying technology is becoming commoditized, evaluating our result further will become easier.
7.2 Outlook
The Industrial Internet of Things is making process information omnipresent in work processes. However,
the complexity of work processes is simultaneously growing. We have shown that making process
information accessible to employees can facilitate useful transparency. But, as work processes are
becoming increasingly automated, the concept of useful transparency needs to be extended. The European
Union General Data Protection Regulation, which was introduced recently to protect consumers from
being subject to automated decision-making, highlights this new dimension of transparency. The policy
started a discussion on the capabilities and limitations of autonomous systems. Prominently, the “right to
explanation” regarding automated decisions was controversially discussed and sparked an interest in the
accountability and transparency of algorithms (Selbst and Powles 2017; Wachter et al. 2017). While these
developments are not yet affecting decision-making in companies, they reaffirm that useful transparency
also needs to cover automated decisions—especially in the context of partially automated work processes.
While we envision that the presented design principles equally apply (e.g., not all automated decision
need to be transparent to be useful), further research is needed. We also contribute to the ongoing debate
on whether emerging technologies will soon replace workers. Our results support the argument that the
discussion should rather focus on “the mutually beneficial relationship between humans and technology,
and how machines and software can [...] increase the productivity of the systems” (Sundblad 2018,
p.1). We show that domain experts are not replaced by emerging technology, but actively utilize the new
capabilities provided by information systems to extend their own capabilities—taking the first step towards
collaborative intelligence (Wilson and Daugherty 2018). Companies, accordingly, need to rethink how
information system should be designed to facilitate this collaboration, eliminate time-consuming manual
work, and ultimately augment the education, skills, and experience of the domain experts (Sundblad 2018).
We consider useful transparency as one of the critical elements for this new paradigm.
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